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Accepted Manuscript Nanoscale www.rsc.org/nanoscale 2 Single walled carbon nanotube (SWNT) -based materials have applications in electro-optics, plasmonics, and biotechnology. [1] [2] [3] Moreover, dispersion of nanoparticles like one dimensional SWNTs, also provides with an opportunity to understand the effects of electro-optical forces on intermolecular interactions. 4 SWNTs are commonly dispersed in solution and functionalized with other molecules and polymers for fabrication of devices and sensors. [5] [6] [7] Dispersion of SWNTs produces a mixture of various diameters of metallic and semiconducting SWNTs. 8 Separation of specific SWNTs from solution is an important concern and various methods are being employed including density gradient, gel-chromatography and using surfactants, polymers and other functional molecules. [9] [10] [11] [12] [13] Photophoretic forces are predicted to play an important role for chiral and diameter specific separation of SWNTs from solution. 14 We recently reported photophoresis in aggregates of SWNTs in solution. 15 Although optically induced aggregation especially in nanoparticles has theoretically been predicted and reasonably reported, very few experimental proofs of aggregation of nanoparticles by light could be found. 16, 17 Optical induced aggregation in gold nanoparticles 18 and specifically in SWNTs functionalized with optically active supra-molecules has been reported. 19, 20 Stability of a solution depends on the dimensions, uniform surface charges and dielectric properties of the interacting particles and solution. 4 Under significant optical excitation, photophoretic forces in resonating particles are expected to affect the colloidal stability, leading to subsequent aggregation of the absorbing SWNTs. Here, we report optically induced aggregation of selective pristine SWNTs from dispersed solution. Welldispersed, stable solution of pure, pristine SWNTs in solution show enhanced rate of aggregation under optical illumination by simple UV, broadband visible and NIR light. Optically induced rate of aggregation depends on the frequency and on the intensity of applied illumination.
Significantly, the aggregated floc of SWNTs shows enrichment in selective diameter of
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Nanoscale Accepted Manuscript nanotubes, specific to the frequency of the applied illumination. Hence, we report, the phenomenon of optically induced aggregation and its potential application in efficient separation of different diameter of nanotubes from solution. Such optical methods may play an important role for efficient large scale, non-intrusive, separation of specific diameters from pure SWNTs, without any functionalization or creation of defects due to chemical processes.
Well dispersed, stable solutions of pristine SWNTs were prepared by ultrasonication of 0.6 mg of SWNT (Nano Integris®-IsoNanotubes, 95% purity) in 100 mL of N,NDimethylformamide (DMF) (Sigma Aldrich®). Pristine SWNTs have diameter distribution from ~ 0.7nm to 1.7 nm, and average length expected to be 300 nm to 1.7nm. Solutions were found stable for weeks. Care was taken to avoid water absorption and light exposure. Stable solutions of dispersed pristine SWNT were exposed to UV light (125 W, 352 nm), broadband visible light The absorption spectra of pure SWNTs show cumulative absorption by different diameters of nanotubes in solution. As shown in Figure 1 , the absorption spectra of pure SWNTs shows background plasmonic resonance in UV (300-450 nm) due to metallic SWNTs and van hove singularities due to band-gap absorption in the visible and NIR by semiconducting SWNTs.
Absorption by the pristine SWNTs in the NIR frequency (850-1400 nm) is attributed to the S 11
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Nanoscale Accepted Manuscript band-gap absorption by semiconducting SWNTs of specific diameters. 21 Exponential increase in the background absorption of pristine SWNTs in UV-visible range of (300-500nm) is attributed to plasmonic resonance due to metallic SWNTs. Extinction coefficient for each of the absorption spectra in Figure 1 (c) was calculated by fitting exponential fits in the 300-500 nm frequency range. shows absorption peaks from the reference solution of metallic (95% pure) and semiconducting SWNTs (95% pure). Supernatant separated after exposure to NIR illumination show significant enrichment in specific diameters of SWNTs absorbing at 400 nm; whereas, supernatant separated from UV exposure shows significant enrichment in SWNTs absorbing around 750nm.
Comparing the absorption spectra of optically separated supernatants with the reference solution of pure metallic and semiconducting SWNTs, it is inferred that supernatant separated after NIR illumination shows enrichment in selective diameters of semiconducting SWNTs whereas, supernatant separated after UV exposure shows enrichment in specific diameter of metallic SWNTs. , where k p is internal heat conductivity of the particle and Q ୮ is volumetric thermal energy which relates to refractive index absorbed by the wavelength of incident radiation. 27 It is expected that, absorption and plasmonics resonance may lead to local temperature variations depending on the thermal conductivity of the absorbing SWNTs. Since, absorption by the SWNTs depends on the diameter of the SWNTs, absorbing SWNTs of selective diameters are expected to have enhanced photothermal and photophoretic effects. Clearly, much research is needed, both theoretically and experimentally to better understand the phenomenon.
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However, in conclusion we report the phenomenon of optically induced aggregation in selective SWNTs from pristine well dispersed solution, thereby causing separation of specific 
